In summer 2017, measurements of ozone (O 3 ) and its precursors were carried out at an 18 urban site in Ji'nan, a central city in the North China Plain (NCP). A continuous O 3 pollution 19 event was captured during August 4-11, with the maximum hourly O 3 reaching 154.1 ppbv. 20 Model simulation indicated that local photochemical formation and regional transport 21 contributed 14.0±2.3 and 18.7±4.0 ppbv/hr to the increase of O 3 during 09:00-15:00 local time 22 (LT) in this event, respectively. For local O 3 formation, the calculated OH reactivities of volatile 23 organic compounds (VOCs) and carbon monoxide (CO) were comparable between O 3 episodes 24 and non-episodes (p>0.05), so was the OH reactivity of nitrogen oxides (NO x ). However, the 25 ratio of OH reactivity of VOCs and CO to that of NO x increased from 2.0±0.4 s -1 /s -1 during non-26 episodes to 3.7±0.7 s -1 /s -1 during O 3 episodes, which resulted in the change of O 3 formation 27 2 mechanism from the VOC-limited regime before the O 3 pollution event to the transitional regime 28 during the event. Correspondingly, the simulated local O 3 production rate during the event 29 (maximum: 21.3 ppbv/hr) was markedly higher than that before the event (p<0.05) (maximum: 30 16.9 ppbv/hr). Given that gasoline and diesel exhaust made large contributions to the abundance 31 of O 3 precursors and O 3 production rate, constraint on vehicular emissions is the most effective 32 strategy to control O 3 pollution in Ji'nan. The NCP has been confirmed as a source region of 33 tropospheric O 3 , where the shift of regimes controlling O 3 formation like the case presented in 34 this study can be expected across the entire region, due to the substantial reductions of NO x 35 emissions in recent years.
were generally identical to those described in Wang et al. (2015b) , with the following 245 improvements. Firstly, the carbon bond v5 with updated toluene chemistry (CB05-TU) was 246 chosen as the gas phase chemical mechanism (Whitten et al., 2010) . Secondly, a single-layer 247 urban canopy model (Kusaka and Kimura, 2004 ) was used to model the urban surface-248 atmosphere interactions. Thirdly, the default 1990s U.S. Geological Survey data in WRF was 249 replaced by adopting the 2012-based moderate resolution imaging spectroradiometer (MODIS) 250 land cover data for eastern China. The substitution was performed to update the simulation of 251 boundary meteorological conditions (Wang et al., 2007) . 252 An integrated process rate (IPR) module incorporated in CMAQ was used to analyze the induced by individual processes were determined. Note that since the estimate of CHEM is 259 influenced by the estimate of O 3 precursor emissions, the simulation of meteorological 260 conditions and the chemical mechanism, all the three aspects should be taken into account 261 wherever CHEM is discussed. The IPR analysis has been widely applied in diagnosis of 262 processes influencing O 3 pollution (Huang et al., 2005; Wang et al., 2015b) . Since the field 263 observations were conducted near the surface (~ 22 m a.g.l.), and the box model (section 2.3.2) 264 was constrained by the observations, the modeling results on the ground-level layer were 265 extracted from WRF-CMAQ for analyses in this study. 267 We also utilized a Photochemical Box Model incorporating the Master Chemical Mechanism
Photochemical box model

268
(PBM-MCM) to study the in situ O 3 chemistry, thanks to the detailed (species-based) 269 descriptions of VOC degradations in the MCM (Saunders et al., 2003; Lam et al., 2013) . The
270
PBM model was localized to be applicable in Ji'nan, with the settings of geographic coordinates, 271 sunlight duration and photolysis rates. The photolysis rates were calculated by the TUV model 272 (Madronich and Floke, 1997) . Specifically, the geographical coordinates, date and time were 273 input into the TUV model to initialize the calculation of solar radiation with the default aerosol 274 optical depth (AOD), cloud optical depth (COD), surface albedo and other parameters. Then,
275
COD was adjusted to make the calculated daily total solar radiation progressively approach the 276 observed value. When the difference between the calculated and observed solar radiation was 277 less than 1%, the input parameters with the adjusted COD were accepted. Based on the settings, 278 the hourly solar radiations and the photolysis rates of O 3 (J(O 1 D)) and NO 2 (JNO 2 ) were 279 calculated by the TUV model, and applied to the PBM-MCM for O 3 chemistry modelling. as the species to be modeled, was not input except for the setting of initial conditions. The Freon, 288 cycloalkanes and methyl cycloalkanes with low O 3 formation potentials were not included in 289 model inputs either. Also excluded were the species whose concentrations were lower than the 290 DLs in more than 20% samples, such as the methyl hexane and methyl heptane isomers. For the 291 hours when measurement data were not available, the concentrations were obtained with linear 292 interpolation. Some secondary species, such as formaldehyde (HCHO), acetaldehyde and 293 acetone, were input into the model to constrain the simulation. Since other secondary species, 294 e.g., PAN and HNO 3 were not observed in this study, their concentrations were calculated by the 295 model. The model simulated dry depositions of all the chemicals, and the deposition velocities 296 were set identical to those in Lam et al. (2013) . Since NO and NO 2 were separately measured, 297 they were not treated as a whole (i.e. NO x ) in the model. Instead, both NO and NO 2 data were 298 input into the model so that the partitioning between them was constrained to observations.
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The simulations were separately performed on all the VOC sampling days. As spin-up, the model Figure S4 ). All the OH reactivity values discussed in this study 314 were calculated rather than observed ones. The OH reactivity of VOCs was categorized into 315 carbonyls, biogenic VOCs (BVOCs), aromatics, alkenes and alkanes (Table S3 lists the VOCs included in each group). The reaction rate constants between O 3 precursors and OH in 317 calculation of OH reactivity were adopted from the MCM v3.2. The average total OH reactivity 318 on all the VOC sampling days (19.4±2.1 s -1 ) was comparable to that reported in New York (19±3 (weather charts on individual VOC sampling days are shown in Figure S6 the surface winds were more favorable for regional transport and accumulation of air pollutants To better understand the relationship between O 3 pollution and the synoptic systems, Table 1 389 summarizes the synoptic systems, weather conditions and air mass origins on all the VOC and low temperature as discussed above.
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In contrast, continuously strong solar radiations with low COD (Figure 2 and Figure S5 ), high low pressure trough over the NCP and Ji'nan was behind the trough ( Figure S8 (d) ). The low 418 pressure trough is a typical synoptic system conducive to O 3 pollution, resulting from the 419 intrusion of O 3 in the stratosphere and/or the upper troposphere (Chan and Chan, 2000).
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Moreover, there was nearly no cloud cover over the entire NCP on August 10 ( Figure S5 ). The water areas are highlighted in blue. Discussions on the discrepancies and the model validation were provided in Text S1, Figures S9-441 S11 and Table S4 . by the freshly emitted NO near the sources (Beck and Grennfelt, 1994; Sillman, 1999) . and NO x (transitional regime) on episode days with the net O 3 production rates among the 609 highest, except for August 5 when the strong sea breeze diluted air pollutants in Ji'nan and/or 610 intercepted the transport of air pollutants from Central China to Ji'nan ( Figure S6 ). In fact, the 611 sensitivity of O 3 formation to NO x might be underemphasized due to the positive biases of NO 2 612 measurement (Lu et al., 2010) . This effect was expected to be more significant during episodes 613 when the overestimation of NO 2 was more obvious. However, O 3 formation was not likely only 614 limited by NO x even during O 3 episodes, because NO 2 could not be overestimated by more than 615 30% according to our inferences (see section 2.2.1). Therefore, O 3 formation was treated to be in 616 the transitional regime during episodes. This partially explained the increased O 3 during episodes 617 in Ji'nan, given the higher O 3 production rates in transitional regime (Figure 8) . Noticeably, the 618 change of regimes controlling O 3 formation is consistent with that predicted by the 619 ratio and the ratio of the reaction rates between "HO 2 +RO 2 " and "OH+NO 2 ".
620
The source apportionment of O 3 precursors enabled us to calculate the source-specific 
